Results of calculations of cross sections for elastic electron and positron scattering are given in angular steps of 15 degrees for elements Z = 6, 13, 29, 50, 82, and 92 and energies 7' = 0.2, 0.4, 0.7, 1, 2, 4, and 10 MeV. The calculation is based on the separability of the cross section into two factors, one describing screening and the other, spin and relativistie effects. The first factor is obtained by the MOLIF.RE approximation 8 . The second factor is taken from a paper by DOGGETT and SPENCER 5 . Different screening potentials for Z = 29 were applied.
I. Introduction
The cross section for elastic scattering of electrons by a screened nucleus has been obtained by MOTT 1 . The result is given in the form of a LE-GENDRE expansion with coefficients determined by the phase shifts the electrons undergo in the scattering field. In a recent survey on electron scattering without atomic or nuclear excitation, MOTZ et al. 2 introduced a rational nomenclature in which MOTT'S result is called the MOTT exact phase shift formula (Formula 1A-109(b) in their paper). In the present report we have used their nomenclature and units; i. e., we measure energies in m0 c 2 , momenta in m0 c, and lengths in units of the electron COMPTON wavelength. The formulae are valid for a point charge, infinitely heavy nucleus whose spin effects are negligible.
LIN 3 evaluated numerically the MOTT exact phase shift formula for copper and gold and various energies. He also includes references to previous calculations. MOTZ et al. 4 established good agreement between experiment and theory. It is the screening effect that makes computation so complicated and tedious. For one angle, up to 50 phase shifts have to be obtained by numerical integration. (Thanks to a transformation, the 200 or more phase shifts usually required can be reduced to 50.)
The evaluation of the MOTT exact phase shift formula for an unscreened nucleus (Formula 1A -109(a) in reference 2 ) is simpler, but it must be performed for each element and each electron energy. Tables published by DOGGETT and SPENCER 5 give this cross section in units of the RUTHERFORD cross section. SHERMAN 6 also includes this ratio in his paper on COULOMB scattering of relativistie electrons. Deviation of this ratio, The next step is to investigate how screening influences this ratio. Therefore we introduce the ratio
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If the deviations of Sex from unity parallel those of S, one could substitute the latter, which is more readily obtainable from DOGGETT and SPENCER'S calculations, for 5ex, which requires the tedious computations of LIN. Besides this advantage, an agreement of both ratios would bear great physical significance. It would indicate that the screening effects can be factored out so that they cancel each other in the particular ratio. which bring about the influence of screening, while the spin dependence cancels out. The ratio R is relatively simple, since the KLEIN-GORDON equation for a spinless particle suffices, and its denominator is nothting but the RUTHERFORD cross section.
Remaining differences in the two respective ratios must be ascribed to the combined effects of spin and screening on the cross section. This overlapping of both effects or, better, the justification for its neglect, was one of the objectives of a recent paper by ZEITLER and OLSEN 7 showing that for electron energies above 200 keY
holds for all elements and all scattering angles with sufficient accuracy. The errors are estimated to be £ = 2-Z Vs /(137) 2 /?p. [Eq.
(1) implies likewise that Sex = S.] The other objective of that paper was to show that the ratio R can be calculated by the socalled MOLIERE approximation 8 rather than by the cumbersome phase-shift calculation for a spinless particle 3 . The ultimate justification for extending the MOLIERE approximation to all angles is the close agreement between the results of the approximated value of R and the exact values /?ex available from LIN'S calculations. Fig. 1 exemplifies the general behavior of the various ratios. In this figure /?es and R for gold and an electron energy of 400 keV are plotted versus the scattering angle. The broken line R\> pertains to the influence of screening as determined by first-order BORN approximation. The ratio S, describing the influence of spin, is also included.
Close agreement between Rex and R, especially at small angles, is obtained. The reason for this is twofold. (1) Spin effects are in any case small at small angles, as can be seen from the fact that curve S in Fig. 1 remains close to unity. Furthermore, overlapping with screening effects does not occur. The MOLIERE approximation is a small-angle approximation and therefore most suitable for describing the screening effects at small angles, where they are predominant. For the example given in Fig. 1 is not small compared to unity and therefore does not meet the requirement for the application of this approximation. The resulting errors of i?t, at small angles are large. At very large angles both approximations, MOLIERE and BORN, give the same limit for R, namely, unity, and hence the same deviations from the exact value Rex .
In summary, the MOLIERE approximation avoids the large errors of the BORN approximation at small angles while maintaining a high degree of accuracy at large angles.
The purpose of this paper is to present actual calculations of cross sections for electrons scattered elastically by screened nuclei, based on the possibility 7 of writing the exact cross section as a product
in which case the factor R depends on screening only and is produced by MOLIERE'S approximation. The other factor depends on spin and relativistic effects only and is taken from DOGGETT and SPEN-Furthermore, in this paper we shall give cross sections for positrons, making use of the fact that Eqs. (1) and (2) hold not only for electrons but also for positrons. Since the "screening factor" is independent of the charge of the scattered particle, the calculation of the exact cross sections for elastic positron scattering require additionally only the "spin factors," that is, the cross sections for elastic positron scattering by an unscreened nucleus. The latter, however, are also available from DOGGETT and SPENCER'S results 5 .
II. Method of Calculation
The present method of calculation provides values of cross sections that are sufficiently accurate for most experimental applications for all elements and all angles in a wide range of energies. Table 1 gives the errors £ inherent in the method of calculation as outlined in Section I for the elements and energies considered in this paper.
For elements Z < 29, self-consistent potentials approximated by STRAND and BONHAM 9 were used; for elements Z>29, THOMAS-FERMI potentials approximated according to MOLIERE 8 were used. For Z = 29 the self-consistent potential given by BYATT 10 and applied by LIN to his calculations for electrons was also used. All potentials are written in the following form:
In the case of the self-consistent potentials, A equals 1/137, and, in the case of the THOMAS-FERMI potential, A equals Z' /j /0.885 • 137. In applying two values for A, the parameters at-, bi, c,, and di can be taken directly from the respective publication 8-10 ; they are compiled in Table 2 . When y = qjA is introduced as the angular variable, whereby q is the momentum transfer 2 p sin (9/2, the ratio R is represented by two integrals, and Q2 • In Eqs. (6 a) and (6 b)
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with ip the logarithmic derivative of the /^-function and y = 1.7807 EULER'S constant.
While QX and Q2 are derived from the real and the imaginary parts of the ^-matrix, the first-order BORN approximation gives a ratio , which is the square of a single expression, namely,
For large values of y, Eq. (7) can be brought into the form
which is the coefficient of a 0 when in Eq. (6 a) is regarded as a power series in a.
The computations were programmed in Fortran and run on an IBM 7090 computer. Table 3 presents the cross sections for elastic electron scattering in units of 10 8 barns. Since we did not repeat the DOGGETT-SPENCER calculation, we had to use their steps in scattering angles of 15 degrees. The over-all accuracy is determined by the errors due to the replacement of REX by R, which are already introduced in Table 1 , and the errors inherent in DOGGETT and SPENCER'S calculation. They estimate that except for angles close to 180 degrees at high energy, the error should be less than 0.5 per cent. Table 4 presents the cross sections for elastic positron scattering in units of 10 8 barns.
III. Results and Discussion
To investigate the sensitivity of the cross section to the choice of the potential, we applied two different approximations of HARTREE potentials, one according to BYATT and the other according to STRAND and BONHAM. BYATT claims an error of only 5 per cent out to a distance at which the potential expressed in units of the COULOMB potential has fallen to about 1 per cent. STRAND and BONHAM, on the other hand, give only the standard deviation of 0.2 for their least-square fit of radial electron densities.
For large distances from the nucleus the accuracy of their potentials is lower than that of BYATT, whereas at small distances it is clearly superior. For small-angle calculations more accurate potentials are desirable. Table 5 shows a comparison of R-\alues for copper at 200 keV calculated with the two different approximations for the potential. This comparison confirms the finding of LIN, namely, that the choice of the potential has a bearing on the cross section in an angular region up to 30 degrees. Yet this range reflects only the range where the two approximations differ. It is remarkable, however, to what great angles screening in general influences the cross section. Both influences, that of screening and that of choice of screening potential, diminish with increasing electron energy.
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